(19) 



J 



EuropSlsches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(43) Date of publication: 

17.12.2003 Bulletin 2003/51 

(21) Application number: 03013278.1 

(22) Dateof filing: 12.06.2003 



llilll 

(11) EP 1 371 877 A2 

EUROPEAN PATENT APPLICATION 

(51) lntCl7: F16H 3/66 



(84) 


Designated Contracting States: 


(72) 


inventors: 




AT BE BG CH CY CZ DE DK EE ES Fi PR GB GR 


• 


Sugihara, TsuyoshI 




HU IE IT U LU MC NL PT RO SE St SK TR 




FuJI-shi, Shizuoka 417-8585 (JP) 




Designated Extension States: 


• 


YamaguchI, ToshIo 




AL LT LV MK 


• 


FuJi'ShI, Shizuoka 417-8585 (JP) 
Ogurl, Kazuo 


(30) 


Priority: 13.06.2002 JP 2002172610 
12.05.2003 JP 2003132893 


(74) 


Fu]i-shi, Shizuoka 417-8585 (JP) 

Representative: GrClnecker, KInkeldey, 


(71) 


Applicant: JATCO Ltd 

FuJi-shI, Shizuoka 417-8585 (JP) 




Stockmatr & Schwanhfiusser Anwaltssozletat 
Maximllianstrasse 58 
80538 MQnchen (DE) 



(54) Speed change mechanism of automatic transmission 



(57) A first planetary gear unit is arranged to convert 
an input rotation from an input shaft to an output rotation 
whose speed is lower than that of the input rotation. A 
first unit including second and third planetary gear units 
is arranged between the first planetary gear unit and the 
output shaft. The first unit is arranged to provide, by 
managing the output rotation from the first planetary 
gear unit, the output shaft with seven types of rotation 
which respectively correspond to 6-forward speed and 
one reverse positions. A second unit is arranged be- 



tween the first planetary gear unit and the first unit to 
manage a power transmission therebetween. One of the 
second and third planetary gear units Is of a double ring 
type which comprises a sun gear powered by the first 
planetary gear unit, inside and outside ring gears con- 
centrically disposed around the sun gear, pinions each 
being meshed with the sun gear and inside and outside 
ring gears, and a pinion carriercarrying the pinions. The 
pinion carrier is connected to the output shaft to rotate 
therewith. 
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Description 

BACKGROUND OF THE INVE^mON 

1 . Field of the invention 

[0001] The present invention relates in general to au- 
tomatic transmissions for wheeled motor vehicles, and 
more particularly to a speed change mechanism of the 
automatic transmissions, which has 6-forward speed 
and one reverse positions. 

2. Field of the Related Art 

[0002] One of the speed change mechanisms of the 
above-mentioned type Is shown in Fig. 5 of Japanese 
Laid-open Patent Application (Tolckaihei) 4-219553, The 
speed change mechanism of this published application 
comprises generally an input shaft, a planetary gear 
train Including a single pinion type gear unit and two sin- 
gle pinion type gear units, three clutches, two brakes 
and an output shaft. For achieving 6-forward speed and 
one reverse portions, the three clutches and two brakes 
are selectively engaged and disengaged In a given man- 
ner. 

[0003] To provide the speed change mechanism with 
an overdrive speed position, It is necessary to apply an 
Input force to a pinion carrier and a ring gear of the plan- 
etary gear train. However, if this necessity is made in an 
arrangement wherein the Input and output shaft are ar- 
ranged coaxially, the single pinion type planetary gear, 
which has only three rotational members, can not pro- 
vide an input power path for the pinion carrier and the 
ring gear. For providing such power path, the input and 
output shafts have to be arranged on different axes 
which are parallel with each other. However, this ar- 
rangement tends to induce a bulky construction of an 
associated automatic transmission, particularly, the size 
in a radial direction. 

[0004] In order to solve such drawback in size, the 
same published application shows in Fig. 3 another 
speed change mechanism. In this mechanism, the input 
and output shafts are arranged coaxially, and In place 
of the above-mentioned planetary gear train including 
the two single pinion type gear units, a ravigneawx type 
complex planetary gear train is used. This gear train has 
an arrangement wherein two planetary gear units are 
arranged having their double pinions engaged with re- 
spective sun gears. 

[0005] In this ravigneawx type transmission, one of 
the planetary gear units has a double pinion type. This 
means increase in number of portions where gear 
meshing is made for achieving power transmission. 
However, increase in number of such portions tends to 
induce undesirable gear noise and vibration. For pre- 
venting such noise and vibration, highly accurate and 
thus expensive machining and assembling process Is 
needed. 



[0006] In view of the above-mentioned drawbacks, 
Japanese Laid-open Patent Application 2000-349390 
has proposed in Figs. 9, 20, 13 and 34, a 6-forward 
speed and one reverse speed change mechanism 
5 which comprises coaxially arranged input and output 
shafts, a planetary gear train including one speed re- 
duction planetary gear unit and two single pinion plan- 
etary gear units, three clutches and two brakes. 

10 SUMMARY OF THE INVENTION 

[0007] In the speed change mechanism of the appli- 
cation 2000-349390, even If respective planetary gear 
ratios (viz., number of teeth of sun gear/number of teeth 

IS of ring gear) of the speed reduction planetary gear unit 
and the two single pinion planetary gear unit are set In 
a preferable range, it tends to occur that a ratio coverage 
from 1** foiward speed to 6**^ forward speed (viz., gear 
ratio at 1®* fonvard speed/gear ratio at 6* forward 

20 speed) becomes narrowed and the rate between gear 
ratio at reverse position and gear ratio at 1^* forward 
speed (viz., gear ratio at reverse position/gear ratio at 
IS* forward speed: which will be referred to "l-R ratio" 
for ease of description) is not set to a suitable value. 

25 [0008] As is known, narrowing the ratio coverage de- 
bases the essential feature of 6-forward speed and one 
reverse position transmission, deteriorating freedom In 
selecting speeds. Furthemiore, if the ratio coverage fails 
to have a satisfied maximum value, fuel consumption 

30 and drivabllity of an associated motor vehtole become 
poor. 

[0009] Furthermore, If the "1 -R ratio" fails to be set at 
a desired value, that is, for example, if the "1-R ratio" is 
set at a smaller value, drivabllity of the vehicle becomes 

35 poor because respective output torques produced at 1 ^ 
fonvard speed and reverse position are largely different. 
Furthermore, if the gear ratio for 1 ^ forward speed is set 
at a desired value, the gear ratio for reverse position is 
inevitably set to have a higher speed side. In this case, 

40 It is necessary to increase the accelerator open degree 
fargely for obtaining a satisfied torque in the reverse po- 
sition. On the contrary, if the gear ratio for reverse posi- 
tion is set at a desired value, the gear ratio for 1 ^forward 
speed Is Inevitably set to have a very low speed side. In 

45 this case, fuel consumption and drivabllity of the vehicle 
become poor. 

[0010] In view of the above-mentioned various facts 
in conventional technique, the present Invention aims to 
provide a speed change mechanism of an automatk; 

so transmission, in which input and output shafts are ar- 
ranged coaxially for achieving a compact construction 
of the mechanism, a freedom in selecting gear ratio is 
sufficiently obtained and drivabllity and fuel consump- 
tion of an associated motor vehicle are improved. 

55 [0011] According to a first aspect of the present inven- 
tion, there is provided a speed change mechanism of 
an automatic transmission for achieving 6-forward 
speed and one reverse positions, whk:h comprises an 
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Input shaft adapted to be driven by a power source; an 
output shaft coaxialty arranged with the input shaft; a 
first planetary gear unit which converts an input rotation 
from the input shaft to an output rotation whose speed 
is lower than that of the input rotation; and a first unit s 
including second and third planetary gear units and ar- 
ranged between the first planetary gear unit and the out- 
put shaft, the first unit being arranged to provide, by 
nnanaging the output rotation from the first planetary 
gear unit, the output shaft with seven types of rotation 
which respectively correspond to the 6-forward speed 
and one reverse positions; and a second unit arranged 
between the first planetary gear unit and the first unit to 
manage a power transmission therebetween, wherein 
one of the second and third planetary gear units is of a 
double ring type which comprises a sun gear powered 
by the first planetary gear unit, inside and outside ring 
gears concentrically disposed around the sun gear, pin- 
ions each being meshed with the sun gear and the inside 
and outside ring gears, and a pinion carrier carrying the 20 
pinions, the pinion carrier being connected to the output 
shaft to rotate therewith. 

[0012] According to a second aspect of the present 
invention, there is provided a speed change mechanism 
of an automatic transmission for achieving 6-forward 25 
speed and one reverse positions, which comprises an 
input shaft adapted to be driven by a power source; an 
output shaft coaxialty arranged with the input shaft; a 
first planetary gear unit including a first sun gear.fixed 
toacaseof the transmission, a first ring gear connected 30 
to the input shaft, first pinions each being meshed with 
both the first sun gear and the first ring gear and a first 
pinion carrier carrying the first pinions; a second plane- 
tary gear unit including a second sun gear, a second ring 
gear, second pinions each being meshed with both the 35 
second sun gear and the second ring gear and a second 
pinion carrier carrying the second pinions; a third plan- 
etary gear unit including a third sun gear, third and fourth 
ring gears, third pinions each being meshed with the 
third sun gear and the third and fourth ring gears and a 40 
third pinion carrier carrying the third pinions; a first con- 
necting member connecting the second pinion carrier to 
the fourth ring gear; a second connecting member con- 
necting the first ring gear to the third ring gear; a third 
clutch Incorporated with the second connecting mem- 4S 
ber; a third connecting member connecting the second 
ring gear to the output shaft; a fourth connecting mem- 
ber connecting the first pinion carrier to the second sun 
gear; a second clutch incorporated with the fourth con- 
necting member; a fifth connecting member connecting so 
the first pinion carrier to the third sun gear; a first clutch 
Incorporated with the fifth connecting member; a center 
member connecting the third pinion carrier to the third 
connecting member, the center member extending ra- 
dially outward from the third pinion carrier to the third ss 
connecting member through a space defined between 
the third and fourth ring gears; a first brake which is able 
to brake the second pinion carrier; and a second brake 



which Is able to brake the second sun gear. 

BRIEF DESRIPTIQN OF THE DRAWINGS 

[0013] Other objects and advantages of the present 
invention will become apparent from the following de- 
scription when taken in conjunction with the accompa- 
nying drawings, in which: 

Fig. 1 is a schematic view of a speed change mech- 
anism of an automatic transmission, which is an 
embodiment of the present invention; 
Fig. 2 Is a table showing ON/OFF condition of each 
friction element with respect to six forward speed 
and reverse positions established in the speed 
change mechanism of the present invention; 
Fig. 3 is an alignment chart representing the dynam- 
ic feature of the speed change mechanism of the 
invention; 

Figs. 4 to 9 are views similar to Fig. 1 , but showing 
torque transmitting paths established In 1 2"** , 
3'^, 4*, 5* and 6* fonward speeds of the speed 
change mechanism of the present invention, re- 
spectively; 

Fig. 10 is a view similar to Fig. 1, but showing a 
torque transmitting path established in a reverse 
position of the speed change mechanism of the 
present invention; 

Fig. 11 a view similar to Fig. 1 0, but showing a speed 
change mechanism equipped with a ravigneawx 
type planetary gear train; 

Fig. 1 2 is a comparative table showing the perfonm- 
ance of the speed change mechanism of the inven- 
tion and that of the speed change mechanism 
equipped with the ravigneawx type planetary gear 
train; 

Fig. 13 is a comparative table showing respectively 
the ratio coverage and 1 - R ratio in case of the speed 
change mechanism of the invention, a speed 
change mechanism including a single pinion type 
planetary gear unit and a ravigneawx type planetary 
gear unit and a speed change mechanism including 
a single speed reduction planetary gear unit and 
two single pinion type planetary gear units; 
Fig. 14 Is a comparative graph showing a change 
of the ratio coverage in case of the speed change 
mechanism of the invention, the speed change 
mechanism including the single pinion type plane- 
tary gear unit and the ravigneawx type planetary 
gear unit and the speed change mechanism includ- 
ing the single speed reduction planetary gear unit 
and the two single pinion type planetary gear units; 
and 

Fig. 15 Is a graph showing a change of the 1 -R ratio 
in case of the speed change mechanism of the in- 
vention, the speed change mechanism including 
the single pinion type planetary gear unit and the 
ravigneawx type planetary gear unit and the speed 
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change mechanism including the singie speed re- 
duction planetary gear unit and the two single pinion 
type planetary gear units. 

DETAILED DESCRIPTION OF THE INVENTION 

[0014] In the following, an embodiment of the present 
invention will be described in detail with reference to the 
accompanying drawings. 

[0015] Fig. 1 shows schematically a speed change 
mechanism of an automatic transmission, which is the 
embodiment of the present invention. 
[0016] In the drawing, denoted by "Input" is an input 
shaft Into which a torque is applied from an engine (not 
shown) through a torque converter (not shown), and de> 
noted by "Output" is an output shaft from which a torque 
is led to driven road wheels (not shown) of an associated 
motor vehicle through a final gear (not shown). These 
input and output shafts are arranged coaxially, as 
shown. 

[0017] In the side of the input shaft "Input", there is 
arranged a first planetary gear unit G1 which converts 
an input rotation from the input shaft "input" to an output 
rotation whose speed is lower than that of the input ro- 
tation. While, in the side of the output shaft "Output", 
there are arranged a second planetary gear unit G2 and 
a double ring type third planetary gear unit G3. 
[001 8] Denoted by "C1 " is a first clutch , "C2" is a sec- 
ond clutch, "C3" is a third clutch, "81" is a first brake, 
"B2" is a second brake, "M1" Is a first connecting mem- 
ber, "1^12" Is a second connecting member, "M3" is a third 
connecting member, "M4" is a fourth connecting mem- 
ber and "1V15" is a fifth connecting member. 
[0019] The first planetary gear unit G1 is of a single 
pinion type and comprises a first sun gear S1 , a first ring 
gear R1 , first pinions P1 each meshed with both the first 
sun gear S1 and the first ring gear R1 and a first pinion 
carrier PC1 carrying the first pinions P1 . 
[0020] The second planetary gear unit G2 is of a sin- 
gle pinion type and comprises a second sun gear S2, a 
second ring gear R2, second pinions P2 each meshed 
with both the second sun gear S2 and the second ring 
gear R2 and a second pinion can^ier PC2 carrying the 
second pinions P2. 

[0021 ] The third planetary gear unit G3 is of a double 
ring gear type and comprises a third sun gear S3, two. 
viz., third and fourth ring gears R3 and R4, third pinions 
P3 each meshed with the third sun gear S3 and the third 
and fourth ring gears R3 and R4, and a third pinion car- 
rier PC3 which carries the third pinions P3 and has a 
center member CM arranged between third and fourth 
ring gears R3 and R4. The center member CM is con- 
nected to the third pinion cam'er PC3 at spaced positions 
of the third pinions P3 which are placed in the vicinity of 
a periphery of the third pinion carrier PC3. 
[0022] The first clutch CI functions to selectively en- 
gage and disengage the first pinion canier PC1 of the 
first planetary gear unit G1 to and from the third sun gear 



S3 of the third planetary gear unit G3. The second clutch 
C2 functions to selectively engage and disengage the 
first pinion carrier PC1 of the first planetary gear unit G1 
to and from the second sun gear S2 of the second plan- 

s etary gear unit G2. The third clutch C3 functions to se- 
lectively engage and disengage the first ring gear R1 of 
the first planetary gear unit Gl to and from the third ring 
gear R3 of the third planetary gear unit G3. 
[0023] The first brake B1 functions to selectively 

10 brake the second pinion carrier PC2 of the second plan- 
etary gear unit G2. The second brake B2 functions to 
selectively brake the second sun gear S2 of the second 
planetary gear unit G2. 

[0024] The first connecting member Ml connects the 
15 second pinion carrier PC2 to the fourth ring gear of the 

third planetary gear unit G3. The second pinion earner 

PC2 is connected to the first brake 81 . 

[0025] The second connecting member M2 connects 

the third ring gear R3 of the third planetary gear unit G3 
20 to the first ring gear R1 of the first planetary gear unit 

G1 . The third clutch C3 is incorporated with the second 

connecting member M2. 

[0026] The third connecting member M3 connects the 
second ring gear R2 to the output shaft "Output". 
25 [0027] The center member CM connects the third pin- 
ion carrier PC3 to the third connecting member M3 
which radially outwardly extending in a space defined 
between the third and fourth ring gears R3 and R4, as 
shown, 

30 [0028] The fourth connecting member M4 connects 
the second sun gear S2 of the second planetary gear 
unit G2 to the first pinion carrier PC1 of the first planetary 
gear unit G1 . The second clutch C2 is incorporated with 
the fourth connecting member M4. The fourth connect- 

35 ing member M4 is connected to the second brake 82, 
as shown. 

[0029] The fifth connecting member M5 connects the 
third sun gear S3 of the third planetary gear unit G3 to 
the fourth connecting member M4. The first clutch C1 is 

40 Incorporated with the fifth connecting member M5. 
[0030] To the first to third clutches 01 , C2 and C3 and 
first and second brakes B1 and B2, there are respec- 
tively connected hydraulically actuating devices (not 
shown) of a speed change control device. 

45 [0031] When the above-mentioned clutches CI, C2 
and C3 and brakes B1 and B2 are engaged or disen- 
gaged by the hydraulically actuating devices in a man- 
ner as is indicated by the table of Fig. 2. 6-forward speed 
and one reverse positions are selectively obtained. As 

so the speed change control device, a hydraulic type, elec- 
tronic type or a combination of these types may be used. 
[0032] It is to be noted that the table of Fig. 2 depicts 
the engaged/disengaged condition of each frictlonal el- 
ement with respect to a speed position (or reverse po- 

55 sitlon) assumed by the speed change mechanism. En- 
gaged condition is represented by a black circle, and 
disengaged condition is represented by a blank. 
[0033] In the following, operation of the speed change 
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mechanism will be described with reference to the align- 
ment chart of Fig. 3 and the torque transmitting paths of 
Figs. 4 to 1 0 of the drawings. In Figs. 4 to 1 0> established 
torque transmitting path is indicated by hatched blocks 
and thicker lines. 

1«* forward speed 

[0034] As is seen from the table of Fig. 2, in l^t forward 
speed of the speed change mechanism, both the first 
clutch C1 and first brake B1 are engaged respectively. 
[0035] As is seen from Fig. 4. in this 1st forward 
speed, due to the engagement of the first clutch CI , a 
reduced speed rotation in normal direction from the first 
planetary gear unit G1 is inputted to the third sun gear 
S3 of the third planetary gear unit G3 through the fifth 
connecting member M5. 

[0036] In the second planetary gear unit G2, due to 
engagement of the first brake B1 , the second pinion car- 
rier PC2 is fixed to the case. In addition, the fourth ring 
gear R4 of the third planetary gear unit G3, that Is con- 
nected to the second pinion earner PC2 through the first 
connecting member Ml , is also fixed to the case. 
[0037] Thus, although the third sun gear S3 of the 
third planetary gear unit G3 is applied with the reduced 
speed rotation in the normal direction, the fixed condi- 
tion of the fourth ring gear R4 induces that a further re- 
duced speed rotation is outputted from the third pinion 
carrier PCS to the output shaft "Output" through the 
center member CM. 

[0038] Accordingly, in the 1** forward speed, as Is 
shown in the alignment chart of Fig. 3, there is estab- 
lished a characteristic line "1st" which connects an en- 
gaging point of the first clutch CI through which the re- 
duced speed rotation from the first planetary gear unit 
G1 is transmitted to the third sun gear S3 of the third 
planetary gear unit G3 and an engaging point of the first 
brake B1 by which a rotation of the second pinion carrier 
PC2 of the second planetary gear unit G2 is stopped. 
That is, rotation inputted from the input shaft "Input" is 
outputted to the output shaft "Output" while being re- 
duced in speed. 

2"^ f onward speed 

[0039] As is seen from the table of Fig. 2. in 2^ for- 
ward speed, both the first clutch CI and the second 
brake 82 are engaged respectively. 
[0040] As is seen from Fig. 5, in this 2"^ fon^^ard 
speed, due to engagement of the first clutch 01 , a re- 
duced speed rotation In nomrial direction from the first 
planetary gear unit G1 is inputted to the third sun gear 
S3 of the third planetary gear unit G3 through the fifth 
connecting member M5, and a rotation is transmitted to 
the output shaft "Output" from the third pinion carrier 
PC3 through the center member CM. 
[0041] In the second planetary gear unit G2, due to 
engagement of the second brake B2, the second sun 



gear S2 is fixed to the case. In addition, into the second 
pinion P2, there is inputted a reduced speed rotation in 
normal direction from the fourth ring gear R4 of the third 
planetary gear unit G3 through the first connecting 

s member Ml . Due to the fixed condition of the second 
sun gear S2, the second ring gear R2 is force to rotate 
in normal direction at an Increased speed. The rotation 
of the second ring gear R2 is transmitted to the third 
connecting member M3. 

10 [0042] Accordingly, in the third planetary gear unit G3, 
a reduced speed rotation in nomial direction is transmit- 
ted from the third pinion carrier PC3 to the unit G3 
through the center member CM, and in the second plan- 
etary gear unit G2, an increased speed rotation in nor- 

15 mal direction Is transmitted from the second ring gear 
R2 to the unit G2 through the third connecting member 
M3, so that a rotation that is higher than that in the 1®^ 
forward speed Is transmitted to the output shaft "Out- 
put". 

20 [0043] Accordingly, in 2"^ forward speed, as is shown 
in the alignment chart of Fig. 3, there is established a 
characteristic line "2nd" which connects an engaging 
point of the first clutch C1 through which the reduced 
speed rotation from the first planetary gear unit G1 is 

25 transmitted to the third sun gear S3 of the third planetary 
gear unit G3 and an engaging point of the second brake 
82 by whbh a rotation of the second sun gear S2 of the 
second planetary gear unit G2 is stopped. That is. rota- 
tion inputted from the input shaft "Inpuf Is outputted to 

30 the output shaft "Output" while being increased In speed 
to a value higher than that in 1^ forward speed. 

3*^ forward speed 

35 [0044] As is seen from the table of Fig. 2, in 3^^ for- 
ward speed, both the first and second clutches CI and 
C2 are engaged respectively. 

[0045] As is seen from Fig. 6, in this 3"^ forward 
speed, due to engagement of the first clutch C1 a re- 
40 duced speed rotation In normal direction from the first 
planetary gear unit G1 is inputted to the third sun gear 
S3 of the third planetary gear unit G3 through the fifth 
connecting member M5, and a rotation is transmitted to 
the output shaft "Output" from the third pinion carrier 
^ PC3 through the center member CM. At the same time, 
due to engagement of the second clutch C2, the re- 
duced speed rotation in normal direction from the first 
planetary gear unit G1 is transmitted to the second sun 
gear S2 of the second planetary gear unit G2 through 
50 the fourth connecting member M4, and a rotation is 
transmitted to the output shaft "Output" from the second 
ring gear R2 through the third connecting member M3. 
[0046] Accordingly, in 3^^ forward speed, as is seen 
from the alignment chart of Fig. 3, there is established 
S5 a characteristic line "3rd" which connects an engaging 
point of the first clutch CI through which the reduced 
speed rotation from the first planetary gear unit G1 is 
transmitted to the third sun gear S3 of the third planetary 



40 
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gear unit G3 and an engaging point of the second clutch 
C2 through which the reduced speed rotation from the 
first planetary gear unit G1 is transmitted to the second 
sun gear S2 of the second planetary gear unit G2. That 
is, rotation inputted from the input shaft "Input" is out- 
putted to the output shaft "Output" while being increased 
in speed to a value higher than that In 2"^ forward speed. 

4th forward speed 

[0047] As is seen from the table of Fig . 2, in 4^ forward 
speed, both the first clutch CI and the third clutch C3 
are engaged respectively. 

[0048] As is seen from Fig. 7, in 4*^ forward speed, 
due to engagement of the first clutch CI , a reduced 
speed rotation in normal direction from the first planetary 
gear unit G1 is inputted to the third sun gear S3 of the 
third planetary gear unit G3, and, due to engagement of 
the third clutch C3, a rotation of the Input shaft "Input" 
is Inputted to the third ring gear R3 of the third planetary 
gear unit G3 through the second connecting member 
M2. 

[0049] Accordingfy, in 4^ forward speed, the third sun 
gear S3 is applied with a reduced speed rotation and 
the third ring gear R3 Is applied with an increased speed 
rotation, and thus, a rotation provided by increasing the 
reduced speed rotation of the third sun gear S3, that Is 
lower than that of the input rotation), Is outputted to the 
output shaft "Output" from the third pinion earner PC3 
through the center member CM. 
[0050] Accordingly, in 4**^ forward speed, as is seen 
from the alignment chart of Fig. 3, there is established 
a characteristic line Mth" which connects an engaging 
point of the first clutch CI through which the reduced 
speed rotation from the first planetary gear unit G1 is 
transmitted to the third sun gear S3 of the third planetary 
gear unit G3 and an engaging point of the third clutch 
C3 through which the rotation of the input shaft "Input" 
is inputted to the third ring gear R3 of the third planetary 
gear unit G3. That is, rotation inputted from the input 
shaft "Input" is outputted to the output shaft "Output" 
while being Increased in speed to a value higher than 
that in 3"^ forward speed. 

5th forward speed 

[0051 ] As Is seen from the table of Fig. 2, in 5"^ forward 
speed, both the second clutch C2 and the third clutch 
C3 are engaged respectively. 

[0052] As is seen from Fig. 8, in 5^^ forward speed, 
due to engagement of the second clutch C2, the re- 
duced speed rotation from the second planetary gear 
unit G2 is Inputted to the second sun gear S2 of the sec- 
ond planetary gear unit G2 through the fourth connect- 
ing member M4. and at the same time, due to engage- 
ment of the third clutch C3,the rotation of the input shaft 
"Inpur is inputted to the third ring gear R3 of the third 
planetary gear unit G3 through the second connecting 



member M2. 

[0053] Accordingly, In 5*^ forward speed, the reduced 
speed rotation is applied to the second sun gear S2 and 
the rotation of the Input shaft "Input" Is Inputted to the 
5 second pinion carrier PC2 through the first connecting 
member M^ , and thus, a rotation that is higher in speed 
than the input shaft "Input" is outputted from the second 
ring gear R2 to the output shaft "Output" through the 
third connecting member M3. 
10 [0054] Accordingly, in 5*^ forward speed, as is seen 
from the alignment chart of Fig. 3, there is established 
a characteristic line "5th" which connects an engaging 
point of the second clutch C2 through which the reduced 
speed rotation from the first planetary gear unit G1 is 
^5 inputted to the second sun gear S2 of the second plan- 
etary gear unit G2 and an engaging point of the third 
clutch C3 through which the rotation of the input shaft 
"Input" is inputted to the third ring gear "R3" of the third 
planetary gear unit G3. That Is. rotation Inputted from 
the input shaft "Input" is outputted to the output shaft 
"Output" while being increased in speed to a value high- 
er than that in 4**^ forward speed. 

6th forward speed 

[0055] As is seen from the table of Fig . 2, in 6**^ forward 
speed, both the third clutch C3 and the second brake 
B2 are engaged respectively. 

[0056] As is seen from Fig. 9, in 6*^ forward speed, 
due to engagement of the third clutch C3, the rotation 
of the input shaft "Input" is inputted to the third ring gear 
R3 of the third planetary gear unit G3 through the sec- 
ond connecting member M2, and at the same time, due 
to engagement of the second brake B2. the second sun 
gear S2 of the second planetary gear unit Q2 is fixed to 
the case. 

[0057] Accordingly, in 6*^ forward speed, the rotation 
of the input shaft "Input" is inputted to the second pinion 
earner PC2 from the fourth ring gear R4 of the third plan- 
etary gear unit G3 through the first connecting member 
Ml , and due to fixing of the second sun gear S2, a ro- 
tation that is much higher in speed than the input shaft 
"Input" is outputted from the second ring gear R2 to the 
output shaft "Output" through the third connecting menv 
ber M3. 

[0058] Accordingly, in 6^ forward speed, as is seen 
from the alignment chart of Fig. 3, there is established 
a characteristic line "6th" which connects an engaging 
point of the third clutch C3 through the rotation of the 
input shaft "Input" is inputted to the third ring gear R3 of 
the third planetary gear unit G3 and an engaging point 
of the second brake B2 through which the second sun 
gear S2 of the second planetary gear unit G2 is fixed to 
the case. That is. rotation inputted from the Input shaft 
"Input" is outputted to the output shaft "Output" while be- 
ing increased in speed to a value higher than that in 5*^ 
speed. 
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Reverse position 

[0059] As is seen from the table of Fig. 2, in reverse 
position, both the second clutch C2 and the first brake 
B1 are engaged respectively. 

[0060] As is seen from Fig. 1 0, in reverse position, due 
to engagement of the second clutch C2, the reduced 
speed rotation from the first planetary gear unit G1 is 
inputted to the second sun gear S2 of the second plan- 
etary gear unit G2, and due to fixing of the first bral<e 
B1 , the second pinion canrier P2 of the second planetary 
gear unit G2 is fixed to the case. 
[0061] Accordingly, in reverse position, the second 
sun gear S2 is applied with a reduced speed rotation In 
reversed direction, due to fixing of the second pinion car- 
rier PC2 to the case, a reduced speed rotation In re- 
versed direction is inputted to the output shaft "Output" 
from the second ring gear R2 through the third connect- 
ing member M3. 

[0062] Accordingly, in reverse position, as is seen 
from the alignment chart of Fig. 3, there Is established 
a characteristic line "Rev" which connects an engaging 
point of the second clutch C2 through which the reduced 
speed rotation from the first planetary gear unit G1 is 
inputted to the second sun gear S2 of the second plan- 
etary gear unit G2 and an engaging point of the first 
bral<e B1 through which the rotation of the second pinion 
carrier PC2 of the second planetary gear unit G2 is 
stopped. That is, rotation inputted from the input shaft 
"Input" is outputtedto the output shaft "Output" while be- 
ing decreased in speed and reversed in rotation direc- 
tion. 

[0063] In the following, advantageous features of the 
speed change mechanism of the present invention will 
be described with the aid of the accompanying draw- 
ings. 

[0064] For clarifying the features Of the invention , two 
conventional speed change mechanisms will be also 
briefly described, which are the mechanism shown in 
Japanese Laid-open Patent Application (Tokkaihei) 
4-21 9553 and the mechanism shown in Japanese Laid- 
open Patent Application 2000-349390. That is, the 
mechanism of 4-21 9553 is a speed change mechanism 
equipped with a ravigneawx type planetary gear train, 
the mechanism of 2000-349390 Is a speed change 
mechanism comprising a planetary gear train including 
one speed reduction planetary gear unit and two single 
pinion planetary gear units. 

[0065] Fig. 11 is a schematic view of the speed 
change mechanism of 4-219553. As shown, the mech- 
anism comprises a single pinion planetary gear unit G4 
and a ravigneawx type planetary gear train G5. The gear 
unit G4 comprises a sun gear S4, a ring gear R4, pinions 
P4 meshed with both the sun gear S4 and the ring gear 
R4, and a pinion carrier PC4 carrying the pinions P4. 
The ravigneawx type planetary gear train G5 comprises 
two sun gears S5a and S5b, two groups of pinions P5a 
and P5b respectively meshed with the sun gears S5a 



and S5b, a ring gear R5 and a pinion can-ier PCS. 

(1) Compactness 

5 [0066] In order to provide the speed change mecha- 
nism with an over-drive speed, application of input to the 
pinion carrier and ring gear is usually needed, in the 
mechanism of ravigneawx type of Fig. 11 , the input and 
output shafts "Input" and "Output" are arranged coaxi- 
10 ally establishing the needed Input application to the pin- 
ion earner PCS and ring gear R5. Thus, this mechanism 
establishes the over-drive speed without increasing the 
radial size thereof. 

[0067] Also in the speed change mechanism of the 
present invention, the over-drive speed is established 
without increasing the radial size thereof for the same 
reason as has Just mentioned hereinabove. That is, as 
is seen in Fig. 1 , the combined planetary gear train In- 
cluding the single pinion type second planetary gear unit 
G2 and the double ring gear type third planetary gear 
unit G3 has five connecting members, which ar^ the first 
connecting member Ml extending between the fourth 
ring gear R4 and second pinion carrier PC2, the second 
connecting member M2 extending between the third 
ring gear R3 and third clutch 03, the third connecting 
member M3 extending between the second ring gear 
R2 and the output shaft "Output", the fourth connecting 
member M4 extending between the second sun gear S2 
and second clutch C2 and the fifth connecting member 
M5 extending between the third sun gear S3 and the 
first clutch C1 . Due to provision of the center member 
CM which extends radially outward between the third 
ring gear R3 and fourth ring gear R4, torque output is 
easily achieved. Thus, in the speed change mechanism 
of the invention, higher speeds that need the force input 
to the pinion cannier and ring gear are easily obtained 
with a compact size. 

(2) Noise Reduction 

[0068] In the ravigneawx type speed change mecha- 
nism, two groups of pinions P5a and P5b are provided 
in the gear train G5 as is seen from Fig. 11. IHowever, 
employment of the two groups of pinions tends to pro- 
duce noises and vibrations due to increase in number 
of contact points where gear meshing is made. 
[0069] In the speed change mechanism of the present 
invention, there is no means that correspond to the two 
groups of pinions P5a and P5b. Thus, undesired noises 
and vibrations caused by such groups are not produced. 

(3) Widening of gear ratio coverage 

[0070] Fig. 12 is a table showing the performance of 

the speed change mechanism of the present invention 
and that of the speed change mechanism equipped with 
the ravigneawx type planetary gear train. INVENTION-1 
and INVENTION-li are speed change mechanisms of 
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the present invention, which have different pianetary 
gear ratio, and RAVIGNEAWX-I and RAVIGNEAWX-li 
are the speed change mechanism of the ravigneawx 
type, which have different planetary gear ratio, as is 
shown in the table. In INVENTION-l and INVEfNTTION-ll, 
a1 , a2 and aS denote planetary gear ratios of the first, 
second and third planetary gear units G1 , G2 and G3 
respectively, and in RAViGNEAWX-l and 
RAVIGNEAWX-I t, a1 denotes a planetary gear ratio of 
the planetary gear unit G4, a2 denotes a planetary gear 
ratio of the side of the sun gear S5a of the planetary 
gear unit G5 and a3 denotes a planetary gear ratio of 
the side of the other sun gear S5b of the gear unit G5. 
[0071] First, the speed change mechanism of 
ravigneawx type will be considered. In general, in this 
speed change mechanism, the radial size of the part of 
a case where the planetary gear unit G5 is installed in- 
creases when the planetary gear ratio "o" (viz. number 
of teeth of sun gear/number of teeth of ring gear) is with- 
in a commonly employed range from 0.35 to 0.65 and 
an appropriate arrangement is employed wherein the 
gear spacing ratio lowers as the gear change has a high- 
er speed position. That is, in the ravigneawx type, when 
the planetary gear ratio "al " is set at a small value, it 
becomes impossible to widen the gear ratio for achiev- 
ing the above-mentioned conditions. While, when the 
planetary gear ratio "a3" is set at a small value (viz., 
0.37 in case of RAVIGNEAWX-I and 0.35 in case of 
RAVIGNEAWX-I I), widening of the gear ratio is 
achieved. However, as is seen from Fig. 11 , due to pro- 
vision of the connecting members around the axis of the 
ravigneawx type planetary gear train G5, there is a limit 
in reducing the diameter of the sun gear S5b. Thus, for 
widening the gear ratio, that is, for causing the planetary 
gear ratio 'aS' to have a smalt value, it is necessary to 
Increase the diameter of the ring gear R5. However, In- 
crease in diameter of the ring gear R5 brings about the 
radial enlargement of the case in which the gear train 
G5 is installed. This undesirable phenomenon becomes 
much severe when the transmission to which the speed 
change mechanism of the ravigneawx type is applied is 
of a type for use with a front engine rear drive motor 
vehicle. In short, in case of the ravigneawx type, it is 
difficult to widen the gear ratio without increasing the 
size of the transmission case. 

[0072] While, in the speed change mechanism of the 
present invention, the above-mentioned conditions are 
satisfied even when the planetary gear ratio "a3" is set 
at a relatively large value (for example, 0.59 in INVEN- 
TION-1). Accordingly, as is seen from Fig. 1 , even if the 
connecting members are arranged around the axis of 
the third planetary gear unit G3, it is unnecessary to re- 
duce the diameter of the third sun gear S3. That is, it is 
unnecessary to increase the diameter of the third and 
fourth ring gears R3 and R4, and thus, the undesired 
radial expansion of the transmission case is not in- 
duced. 



(4-1) Ratio coverage without considering the gear 

spacing ratio 

[0073] In general, the range of planetary gear ratio "a" 
5 is from 0.35 to 0.65. Preferably, the range is from 0.38 
to 0.60. 

[0074] Fig. 13 is a comparative table showing at the 
upper row respective ratio coverage values (viz.. gear 
ratio at 1^ forward speed/gear ratio at 6*^ forward 

10 speed) of the speed change mechanism of the Inven- 
tion, the ravigneawx type speed change mechanism of 
Japanese Laid-open Patent Application 4-219553 and 
the speed change mechanism of Japanese Laid-open 
Patent Application 2001-349390 in case wherein the 

15 range is set from 0.38 to 0.60 without considering the 
gear spacing ratio. COMPARATIVE EXAMPLES I, II, III 
and IV are the speed change mechanism shown in Figs. 
9, 10, 13 and 34 of the Laid-open application 
2001-349390. 

20 [0075] Fig. 14 is a comparative graph showing a 
change of the ratio coverage in case of the speed 
change mechanism of the invention, the ravigneawx 
type speed change mechanism and the speed change 
mechanism of the Laid-open application 2001-349390 
25 with at least one of the planetary gear ratios al , a2 and 
a3 being varied. It is to be noted that in the mechanism 
of the 2001-349390, the planetary gear ratio al is the 
ratio possessed by a speed reduction planetary gear 
unit arranged in corporation with the input shaft, the 
30 planetary gear ratio a3 is the ration possessed by a sin- 
gle pinion type planetary gear unit arranged in corpora- 
tion with the output shaft, and the planetary gear ratio 
a2 is the ratio possessed by a single pinion type plane- 
tary gear unit that is arranged between the previously 
35 mentioned two planetary gear units. 

[0076] In the following, the ratio coverage of each 
speed change mechanism will be considered with ref- 
erence to the contents of the upper row of the table of 
Fig. 13 and the graph of Fig. 14, 
40 [0077] In the ravigneawx type speed change mecha- 
nism, the ratio coverage has a narrower range from the 
minimum value 3.2 to the maximum value 6.7, and thus, 
widening of the gear ratio coverage is not achieved. Also 
in the COMPARATIVE EXAMPLES-1 , II and III. the ratio 
45 coverage has a narrower range, and thus, widening of 
the gear ratio coverage is not achieved. That is, in such 
speed change mechanisms, widening of the gear ratio 
coverage is not expected even if the mechanism has 
multistage gears. While, in the COMPARATIVE EXAM- 
50 PLE-IV, the ratio coverage has a wider range from the 
minimum value 6.1 to the maximum value 15.3. and 
thus, widening of the gear ratio coverage and increase 
in freedom in selecting the gear ratio are achieved. 
[0078] In the INVENTION, the ratio coverage has a 
55 range from the minimum value 5.1 to the maximum val- 
ue 9.3. Although the range is somewhat narrower than 
that of the COMPARATIVE EXAMPLE-IV, satisfied wid- 
ening of the gear ratio coverage and satisfied increase 
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in freedom in selecting the gear ratio are expected. 

(4-2) Ratio coverage with considering the gear spacing 
ratio 

[0079] In general, the range of planetary gear ratio "a" 
Is from 0.35 to 0.65. Preferably, the gear spacing ratio 
is made small as the gear change has a higher speed 
position. 

[0080] As is seen from the table of Fig. 12. in the 
RAVIGNEAWX-t, the ratio coverage has a narrower 
range from the minimum value 4.81 to the maximum val- 
ue 7.20. This is because of a fixed number of teeth of 
the fifth ring gear R5 (see Fig. 11). 
[0081] While, in the IN VENTtON-l. the planetary gear 
ratios "a1" and "a2" of the second and third planetary 
gear units G2 and G3 (see Fig. 1 ) can be set separately. 
Accordingly, as is seen from the table of Fig. 1 2, the ratio 
coverage can have a relatively wider range from the 
minimum value 4.74 to the maximum value 7.80. Thus, 
in the invention, increase in freedom in selecting the 
gear ratio is achieved. 

[0082] The RAVIGNEAWX-I and RAVIGNEAWX-II 
show their ratio coverage values 6.1 2 and 6.95 respec- 
tively. However, the planetary gear ratios '*oc3*' of the 
RAVIGNEAWX-I and RAVIGNEAWX-II show values 
0.37 and 0.35 respectively. That is, in the ravigneawx 
type speed change mechanism, when the ratio cover- 
age increases, the planetary gear ratio "03" becomes 
small. As has been mentioned hereinabove, reduction 
of the planetary gear ratio "aS" brings about the radial 
expansion of the transmission case. 
[0083] In the INVENTION and the RAVIGNEAWX-I, 
the same values are shown forlhe gear ratio throughout 
all of the forward speeds (viz., from 1^* to 6^^ speeds). 
However, the planetary gear ratio "aS" (viz., 0.37) of the 
RAVIGNEAWX-I Is quite small as compared with that 
"a3" (viz., 0.59) of the INVENTION. This means that in 
the RAVIGNEAWX-I, the transmission case has a radi- 
ally expanded zone at the portion where the planetary 
gear unit G5 is installed (see Fig. 11). 

(5) Comparison in 1-R Ratio 

[0084] In general, the 1 -R ratio (viz., gear ratio at the 
reverse position/gear ratio at 1^ forward speed) is with 
a range from 0.8 to 1 .2. If the 1 -R ratio has a value large- 
ly different from such range, output torque produced 
when an accelerator is pressed becomes different be- 
tween the reverse position and 1 forward speed, which 
means deterioration in drivability of an associated motor 
vehicle. 

[0085] The comparative table of Fig. 1 3 shows at the 
lower row respective 1-R ratio values of the speed 
change mechanism of the invention, the ravigneawx 
type speed change mechanism of Japanese Laid-open 
Patent Application 4-219553 and the speed change 
mechanism of Japanese Laid-open Patent Application 



2001-349390. 

[0086] Fig. 15 is a comparative graph showing a 
change of the 1 -R ratio in case of the speed change 
mechanism of the invention, the ravigneawx type speed 

s change mechanism and the speed change mechanism 
of the Laid-open application 2001-349390 with at least 
one of the planetary gear ratios a1 , a2 and a3 being 
varied. It is to be noted that in the speed change mech- 
anism of the COIVIPARATtVE EXAMPLE-IV, the range 

10 of the 1-R ratio is controlled by varying only the planetary 
gear ratio a2 

[0087] In the following, the 1-R ratio of each speed 
change mechanism will be considered with reference to 
the contents of the lower row of the table of Fig. 13 and 
15 the graph of Fig. 15. 

[0088] In the ravigneawx type speed change mecha- 
nism, the two speed change mechanisms of COMPAR- 
ATIVE EXAMPLE-I and III, the 1-R ratio can have a 
range from 0.7 to 1 .2. That Is. the gear ratio for 1«* for- 
ward speed and that for reverse position can have a suit- 
able value. 

[0089] In the speed change mechanism of COM PAR- 
ATIVE EXAMPLE-II, the 1-R ratio can not have a value 
lower than 1 .22. In this case, the gear ratio at the reverse 
position become much larger than that at 1^ forward 
speed, and thus the drivability of the vehicle becomes 
deteriorated. 

[0090] In the speed change mechanism of COMPAR- 
ATIVE EXAMPLE-IV, the 1-R ratio is detemiined by var- 
ying only the planetary gear ratio a2. Thus, the 1 -R ratio 
can not have a satisfactorily larger value. That is, as is 
seen from the graph of Fig. 15, in the COMPARATIVE 
EXAMPLE-IV, a suitable value is not obtained by either 
of 1^ forward speed and the reverse position, which 
means deterioration of drivability of the vehicle. 
[0091] While In the speed change mechanism of the 
INVENTION, the 1-R ratio can have a range from 0.46 
to 0.99, and thus, like the speed change mechanisms 
of RAVIGNEAWX and COMPARATIVE EXAMPLES-I 
and III, a suitable gear ratio of the reverse position rel- 
ative to that for 1=* forward speed can be set. 
[0092] The entire contents of Japanese Patent Appli- 
cations 2002-172610 filed June 13, 2002 and 
2003-132893 filed May 12, 2003 are incorporated here- 
in by reference. 

[0093] Although the invention has been described 
above with reference to the embodiment of the Inven- 
tion, the invention is not limited to such embodiment as 
described above. Various modifications and variations 
of such embodiment may be carried out by those skilled 
in the art, in light of the above description. 



Claims 

1 . A speed change mechanism of an automatic trans- 
mission for achieving 6-forward speed and one re- 
verse positions, comprising: 



25 



30 



35 



40 



45 



50 



9 



17 



EP 1 371 877 A2 



18 



an input shaft adapted to be driven by a power 
source; 

an output shaft coaxially an^anged with the In- 
put shaft; 

a first planetary gear unit which converts an in- 5 
put rotation f ronrt the input shaft to an output ro- 
tation whose speed Is lower than that of the In- 
put rotation; and 

a first unit Including second and third planetary 
gear units and arranged between the first plan- io 
etary gear unit and the output shaft, the first unit 
being arranged to provide, by managing the 
output rotation from the first planetary gear unit, 
the output shaft with seven types of rotation 
which respectively correspond to the 6-forward is 
speed and one reverse positions; and 
a second unit arranged between the first plan- 
etary gear unit and the first unit to manage a 
power transmission therebetween, 

20 

wherein one of the second and third planetary 
gear units is of a double ring type which comprises 
a sun gear powered by the first planetary gear unit, 
inside and outside ring gears concentrically dis- 
posed around the sun gear, pinions each being 25 
meshed with the sun gear and the inside and out- 
side ring gears, and a pinion carrier carrying the pin- 
ions, the pinion carrier being connected to the out- 
put shaft to rotate therewith. 

30 

2. A speed change mechanism as claimed In Claim 1 , 
in which the second unit comprises a center mem- 
ber which Is arranged between the inside and out- 
side ring gears to connect the pinion carrier to out- 
put shaft. 3s 

3. A speed change mechanism as claimed In Claim 2, 
in which the other of the second and third planetary 
gear units is of a single pinion type which comprises 

a sun gear powered by the first planetary gear unit, 40 
a ring gear concentrically disposed around the sun 
gear, pinions each being interposed between the 
sun gear and the ring gear and meshed with the sun 
gear and the ring gear, a pinion carrier carrying the 
pinions, the pinion carrier being connected to the 
inside ring gear of the double ring type planetary 
gear unit through a part of the second unit. 

4. A speed change mechanism as claimed in Claim 3, 

In which the first planetary gear unit is of a single so 
pinion type which comprises a sun gear, a ring gear 
concentrically disposed about the sun gear, pinions 
each being disposed between the sun gear and the 
ring gear and meshed with the sun gear and the ring 
gear, and a pinion carrier canying the pinions, the ss 
sun gear being fixed and the ring bear being con- 
nected to the input shaft. 



5. A speed change mechanism as claimed In Claim 4, 
In which the second unit comprises: 

a first connecting member which connects the 
pinion carrier of the second planetary gear unit 
to the inside ri ng gear of the third planetary gear 
unit; 

a second connecting member which connects 
the ring gear of the first planetary gear unit to 
the outside ring gear of the third planetary gear 
unit, the second connecting member being con- 
nected to the input shaft; 
a clutch arranged In the second connecting 
member; 

a third connecting member which connects the 
ring gear of the second planetary gear unit to 
the output shaft; 

a fourth connecting member which connects 
the pinion carrier of the first planetary gear unit 
to the sun gear of the second planetary gear 
unit; 

a clutch arranged in the fourth connecting 
member; 

a fifth connecting member which connects pin- 
Ion carrier of the first planetary gear unit to the 
sun gear of the third planetary gear unit; 
a clutch an^nged In the fifth connecting mem- 
ber; 

a brake arranged between the pinion carrier of 
the second planetary gear unit and a case of 
the transmission; and 

another brake arranged between the sun gear 
of the second planetary gear unit and the case 
of the transmission. 

6. A speed change mechanism of an automatic trans- 
mission for achieving 6-fonvard speed and one re- 
verse positions, 

an input shaft adapted to be driven by a power 
source; 

an output shaft coaxially arranged with the in- 
put shaft; 

a first planetary gear unit including a first sun 
gear fixed to a case of the transmission, a first 
ring gear connected to the input shaft, first pin- 
ions each being meshed with both the first sun 
gear and the first ring gear and a first pinion car- 
rier carrying the first pinions; 
a second planetary gear unit Including asecond 
sun gear, a second ring gear, second pinions 
each being meshed with both the second sun 
gear and the second ring gear and a second 
pinion carrier carrying the second pinions; 
a third planetary gear unit including a third sun 
gear, third and fourth ring gears, third pinions 
each being meshed with the third sun gear and 
the third and fourth ring gears and a third pinion 
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carrier carrying the third pinions; 
a first connecting member connecting the sec- 
ond pinion earner to the fourth ring gear; 
a second connecting member connecting the 
first ring gear to the third ring gear; s 
a third clutch incorporated with the second con- 
necting member; 

a third connecting member connecting the sec- 
ond ring gear to the output shaft; 
a fourth connecting member connecting the io 
first pinion carrier to the second sun gear; 
a second clutch incorporated with the fourth 
connecting member; 

a fifth connecting member connecting the first 
pinion carrier to the third sun gear; 
a first clutch incorporated with the fifth connect- 
ing member; 

a center member connecting the third pinion 
canier to the third connecting member, the 
center member extending radially outward from 
the third pinion carrier to the third connecting 
member through a space defined between the 
third and fourth ring gears; 
a first brake which is able to brake the second 
pinion carrier; and a second brake which is able 2S 
to brake the second sun gear. 
7. A speed change mechanism as claimed in 
Claim 6, further comprising a control means 
which engages the first clutch and the first 
brake for establishing 1®* fonvard speed, en- 30 
gages the first clutch and the second brake for 
establishing 2^ forward speed, engages first 
and second clutches for establishing 3"^ for- 
ward speed, engages first and third dutches for 
establishing 4^^ forward speed, engages the 35 
second and third clutches for establishing 5^ 
forward speed, engages the third clutch and the 
second brake for establishing 6**^ forward 
speed and engages the second clutch and the 
first brake for establishing the reverse position. 40 
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1.79 


2nd/3rd 


1.53 


1.53 


1.61 


1.60 


3rd/4th 


1.35 


1.35 


1.41 


1.42 


4th/5th 


1.33 


1.33 


1.32 


1.38 


5th/6th 


1.26 


1.26 


1.22 


1.24 


RATIO 
COVERAGE 


1st/6th 


6.10 


6.12 


7.04 


6.95 


RATIO 

COVERAGE 


MIN. 


4.74 


4.81 


4.74 


4.81 


MAX. 


7.80 


7.20 


7.80 


7.20 
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CO 



COMPARATIVE 
EXAMPLE-IV 


6.1 - 15.3 


0.38 - 0.6 


COMPARATIVE 
EXAMPLE-III 


4.3 - 6.3 


0.52 - 0.96 


COMPARATIVE 
EXAMPLE-II 


3.68 - 5.81 


1.22-3.58 


COMPARATIVE 
EXAMPLE-I 


3.68 - 5.81 


0.63 - 1.36 


RAVIGNEAWX 


3.2 - 6.7 


0.63 - 1.58 


INVENTION 


5.1 - 9.3 


0.46 - 0.99 




RATIO 
COVERAGE 


1-R RATIO 
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